Abstract-Little is known about the prospective associations of fibrinogen, factor VII, or factor VIII with cardiovascular disease (CVD) and mortality in the elderly. At baseline in the Cardiovascular Health Study (5888 white and African American men and women; aged Ն65 years), we measured fibrinogen, factor VIII, and factor VII. We used sex-stratified stepwise Cox survival analysis to determine relative risks (RRs) for CVD events and all-cause mortality (up to 5 years of follow-up), both unadjusted and adjusted for CVD risk factors and subclinical CVD. After adjustment, comparing the fifth quintile to the first, fibrinogen was significantly associated in men with coronary heart disease events (RRϭ2.1) and stroke or transient ischemic attack (RRϭ1.3), and also with mortality within 2.5 years of follow-up (RRϭ5.8) and later (RRϭ1.7). Factor VIII was significantly associated in men with coronary heart disease events (RRϭ1.5) and mortality (RRϭ1.8), and in women with stroke/transient ischemic attack (RRϭ1.4). For both factors, values were higher in those who died, whether causes were CVD-related or non-CVD-related, but highest in CVD death. Factor VII exhibited associations with incident angina (RRϭ1.44) in men and with death in women (RR, middle quintile compared with firstϭ0.66). However, in general, factor VII was not consistently associated with CVD events in this population. We conclude that, if confirmed in other studies, the measurement of fibrinogen and/or factor VIII may help identify older individuals at higher risk for CVD events and mortality.
O ver the last 10 years, the concept of thrombosis risk factors has been accepted, with much research focused on fibrinogen 1 and factor VII. 2, 3 Fibrinogen has been observed to be an independent risk factor for incident cardiovascular disease (CVD) events in a wide variety of studies. 4 -8 The results regarding factor VII have been less consistent in longitudinal studies, 4,9 -11 despite extensive support from cross-sectional research. [12] [13] [14] [15] [16] [17] [18] Fewer longitudinal studies have been done assessing other components such as factor VIII, 10, 19 tissue-type plasminogen activator (t-PA) 20 and plasminogen activator inhibitor-1 (PAI-1). 21, 22 Relatively little is known from large cohort studies about the epidemiology of thrombosis risk factors in the elderly. The Northwick Park Heart Study (NPHS) has reported that the association of fibrinogen with incident CVD in men diminished with age, but had no individuals older than 64 years at baseline. 23 The Framingham group reported a different result, finding significant associations in older men and women (65 to 69 years at baseline). 24 Little is known about any other thrombosis risk factors in the elderly.
The Cardiovascular Health Study (CHS) was designed to promote such analyses, having measured fibrinogen, factor VII, and factor VIII at baseline, along with estimates of subclinical CVD such as carotid ultrasonography, electrocardiography, echocardiography, and ankle-arm blood pressure. We have used these measures to determine the relations of these thrombosis risk factors to incident CVD events in this large cohort of healthy elderly individuals, both before and after adjusting for traditional risk factors and underlying CVD.
Methods The Cardiovascular Health Study
The CHS design has been published. 25 The 4 field centers (Forsyth County, North Carolina; Sacramento County, California; Washington County, Maryland; and, Pittsburgh, Pennsylvania) recruited 5201 participants in year 2 of the study, and a second cohort (the African American Cohort) consisting of primarily African Americans in year 5. All participants gave informed consent, and all relevant institutional committees on human research approved the study. All participants were 65 years of age or older. Major exclusion criteria included illness requiring institutionalization, being wheelchair bound, being treated currently for cancer, and planned movement from the area within 3 years. 26 We assessed medical history, quality of life, social support, personal health habits, and diet through the use of standardized questionnaires. We also collected information on medication use. 27 The baseline clinical examination included measures of anthropometry, blood pressure, 28, 29 electrocardiogram (ECG), 30 carotid ultrasonography, 31 echocardiogram, 32 and blood chemistries 33 including an oral glucose tolerance test.
Definitions
Blood pressure was used in analyses either as the average seated systolic blood pressure or a history of "high blood pressure"; diabetes was defined by the new American Diabetes Association (ADA) guidelines, 34 ie, fasting glucose Ն126 mg/dL or taking insulin or oral hypoglycemics; impaired fasting glucose was defined as a fasting glucose value in the range 110 to 125 mg/dL; smoking was defined as "ever smoker" by self-report or by pack-years of smoking; obesity was estimated by using body mass index (BMI; units of kg/m 2 ). Clinical and subclinical CVD were defined based on the resting ECG, echocardiogram, carotid artery duplex scanning, anklebrachial blood pressure, history of CVD, Rose questionnaire, 35 previous cardiovascular surgery, and use of medications consistent with the diagnosis of angina or congestive heart failure, as previously described. 36 Subclinical CVD 37 was considered present with any of the following: seated ankle-arm blood pressure index Ͻ0.9, 38 internal carotid wall thickness, as judged from carotid ultrasonography 31, 39 Ͼ80th percentile, common carotid wall thickness Ͼ80th percentile, carotid stenosis Ͼ25%, major ECG abnormalities, 30, 40, 41 abnormal ejection fraction on echocardiogram, 32, 42 abnormal wall motion on echocardiogram, Rose questionnaire claudication positive, and Rose questionnaire angina positive.
Particular care was given to incident CVD and mortality data collection in CHS. 43, 44 Incident CVD events, including angina pectoris, myocardial infarction (MI), stroke, transient ischemic attack (TIA), and death, were identified by 6-month telephone calls and annual clinic visits. Further verification was done by the CHS Events Subcommittee, using Medicare Part A hospital discharge lists. 43 For MI and angina, International Classification of Diseases codes 410 through 414, 427.4, 427.5, and 428 were reviewed. Silent MI was defined as the development of new Q waves (major evolution of Q waves or moderate evolution of Q waves with major ST-T wave evolution; Novacodes C1 and C2) on an annual ECG in a patient without an intervening clinically recognized coronary event (Psaty et al, unpublished data, 1997) . The hospital records, outpatient records, and physician reports were obtained for the selected diagnostic codes and then reviewed by the Subcommittee. 44 The major outcomes we used in this study were incident coronary heart disease (CHD) (first occurrence of any of the following: MI, silent MI, angioplasty and coronary artery bypass graft, or definite CHD death), stroke or TIA, CVD-related, and non-CVD-related mortality. Non-CVD causes of death included cancer, pneumonia, respiratory failure, sepsis, and complications of dementia and were confirmed by the Events Subcommittee. There were 6.5 years of follow-up for the original cohort and 3.5 years for the African American cohort.
Blood Measurements
We have previously described our methods for drawing blood, sample handling, sample shipment, quality assurance, and assay performance. 33 In brief, citrated plasma, prepared at 4°C, was used for factor VIII (coefficient of variationϭ10.4%) and fibrinogen (coefficient of variationϭ3.4%) measurements, and room temperature citrated plasma was used for factor VII assays (coefficient of variationϭ5.9%) to avoid cold activation. 45 We measured fibrinogen with a semiautomated modification of the Clauss method, 46 using a BBL Fibrometer (Becton-Dickerson). We measured factor VII, reported as percentage of a normal pool, with a Coag-A-Mate X2 instrument (Organon Teknika), using factor VII-immunodeficient plasma (Baxter-Dade) and the human placental thromboplastin Thromborel S (Behring). We assayed factor VIII, also reported as percentage of a normal pool, using the Coag-A-Mate, and factor VIII-immunodeficient plasma and partial thromboplastin reagent from Organon Teknika. General chemistries were measured as described. 33 Fibrinogen and factor VII were measured on the original year 2 participants and the year 5 African American group. Factor VIII was only measured on the original cohort.
Statistical Analyses
The distributions of fibrinogen, factor VII, and factor VIII in the main CHS cohort have been described, 47 and are approximately normal. For each type of event, the participants considered "at risk" were those CHS participants who had not had that event at baseline. Those considered at risk for CHD did not have an MI, silent MI, angioplasty, or coronary artery bypass graft at baseline.
We compared mean values for each of the factors at baseline for individuals with and without subsequent incident events, stratifying on sex and cohort. We also performed analyses stratified by cohort only, adjusting for age, sex, clinic site, and race (original cohort only), using ANOVA. We performed some analyses by separating CVD-related mortality from non-CVD-related mortality. PՅ0.05 was used as evidence of significance.
We believed it was important to combine the 2 cohorts for relative risk (RR) estimates, to increase power and generalizability. To do this, we accounted for differences in means and variances across the 2 cohorts and sexes by calculating standardized blood factor variables. For each of the blood factors, the mean for the sex/cohort subgroup was subtracted from each individual's value with the result divided by the standard deviation for the variable in that sex/cohort subgroup. This operation had the effect of standardizing each of the 4 cohort/sex subgroups to a mean value of 0 and an SD of 1, minimizing differences that might have occurred as a result of the 3 years separating the measurements.
Multivariate analyses were done with the Cox proportional hazards analysis. This is essentially a survival analysis that explores the dependence of the event rate on the variables of interest. Proportional hazards models assume that the hazard ratio describing the increased risk associated with a 1-unit increase in a covariate remains constant over time. This assumption was assessed in all cases and found to be lacking for fibrinogen and death in men, so separate models were established for mortality in men occurring Ͻ2.5 years and Ն2.5 years after the baseline examination. For all Cox models, we entered the standardized form of the blood factor of interest as a continuous linear variable, and then checked for any nonlinear (quadratic) effects, ie, a quadratic association between increasing blood factor levels and risk. If we found no evidence for a quadratic effect, we report a standardized RR, ie, the risk associated with an increase equal to 1 SD of the blood factor. When a quadratic effect was identified, we report an overall P value for the model, because a standardized RR could not be calculated. We also established models in terms of quintiles of each blood factor and determined the RR of each quintile compared with the first. Quintiles were established based on all CHS participants in each of the 4 sex/cohort subgroups.
Because there were relatively few associations with angina in the analyses of means, we concentrated on CHD, stroke/TIA, and mortality as the events of primary interest. However, we also analyzed factor VII with respect to angina. Models were stratified by sex. For each blood factor and outcome variable, we generated 2 models, 1 with the blood factor as the only predictor (unadjusted) and 1 adjusted for other known, major risk factors of CVD. Risk factors were selected for entry by a stepwise procedure (using PϽ0.05 for entry) from the following list: age, black race, clinic site, ever smoker, pack-years smoked, diabetes, history of hypertension, HDL cholesterol, LDL cholesterol, BMI, and presence of any subclinical CVD. If the hemostasis factor being studied remained in the model after all steps were performed, we interpreted that to mean that the association of that factor with the outcome was independent of other major CVD risk factors, including the presence of subclinical disease.
Results
The total number of CHS participants was 5888, 5201 from the main cohort and 687 from the African American cohort. Fibrinogen results were available on 5788 participants. Of these, 1 was excluded as outside of a predetermined physiological range (Ͼ800 mg/dL). Factor VII results were available on 5779 participants. We excluded 23 of the values for being outside of a predetermined range of 40% to 300%. Factor VIII values were available on 5121 participants (factor VIII was not done on the African American cohort); 10 values were excluded as outside the range 40% to 300%.
Analyses of Mean Values
Although not always statistically significant, in all cases (ie, men and women, main cohort and African American cohort) for fibrinogen, and in most cases for factor VIII, unadjusted baseline values were higher in those with subsequent events than in those without (Table) . Unadjusted factor VII values were generally similar, comparing those with and without events, but were significantly higher in men with subsequent angina and CHD.
Analyzing men and women together in the main cohort, and adjusting for age, sex, race, and clinic site, significant differences persisted for fibrinogen and subsequent CHD (PՅ0.001), angina (PՅ0.05), and death from any cause (PՅ0.001); for factor VIII and CHD (PՅ0.05), subsequent stroke/TIA (PՅ0.01), and death from any cause (PՅ0.001); and for factor VII and subsequent angina (PՅ0.01). Although fibrinogen was higher in those who died of both non-CVD and CVD causes, compared with those still alive, the values were higher in those who died of CVD causes than in those who died of other causes. Similar findings were true for factor VIII, but not factor VII (Figure 1 ).
Multivariate Analyses
The covariates that were significant for each of the final sex-stratified models were essentially the same for a given outcome, for all 3 hemostasis variables. In women, the covariates that entered the final models for CHD were age, diabetes status, hypertension, and the presence of any subclinical disease; for stroke/TIA in women, they were age, clinic site, diabetes status, hypertension, LDL cholesterol, and any subclinical disease; and for death in women, they were age, pack-years of cigarettes, hypertension, diabetes status, and any subclinical disease. The only exceptions were LDL cholesterol and diabetes status, which did not enter the stroke/TIA model for factor VIII. In men, the covariates that entered the final models for CHD were age, diabetes status, pack-years of cigarettes, LDL cholesterol, the presence of any subclinical disease, and race (except in factor VIII model, which was limited to the main cohort). The race association was significant with those in the African American cohort having Ϸ 1 ⁄2 the risk of those in the main cohort (97% white). For stroke/TIA, the covariates that entered the final models were age, diabetes status, hypertension, HDL cholesterol, and any subclinical disease; and for death (factors VII and VIII), they were age, diabetes status, pack-years of cigarettes, hypertension, BMI, and any subclinical disease. For fibrinogen, and early mortality, the covariates that entered the final model were age, diabetes status, pack-years of cigarettes, BMI, and any subclinical disease; for later deaths, they were age, diabetes status, hypertension, pack-years of cigarettes, BMI, LDL cholesterol, and any subclinical disease.
After adjustment, fibrinogen ( Figure 2A ) was not significantly associated with any events in women. In men, fibrinogen was significantly associated with CHD, stroke/TIA, and, in a particularly strong manner, mortality. For early death, the RR (95% confidence interval, CI) of the highest quintile was substantial, 5.8 (3.1 to 11.0). For later death the RRs were lower.
After adjustment, factor VII was weakly, but significantly, associated with stroke/TIA in women when a quadratic term was included in the model. The quadratic term reflected relatively increased risk in the first quintile of the factor VII distribution compared with the middle (Figure 2B) . A similar pattern was observed for mortality in women, which, however, was not statistically significant after adjustment. Factor VII was also weakly associated with incident angina in men after adjustment, with a standardized RR and CIϭ1.19 (1.00 to 1.27).
After adjustment, factor VIII was associated with incident CHD and death in men and stroke/TIA in women ( Figure  2C ). The association with CHD in men was primarily because of an increased risk in the fifth quintile. There were moderately strong associations of factor VIII with CHD and death in women in unadjusted models that were eliminated by adjustment.
Discussion Fibrinogen
The covariates that entered the Cox models were essentially the same for fibrinogen as for the other 2 hemostatic factors. Although there were some differences, these were essentially the expected predictors of CVD events such as lipids, diabetes status, and blood pressure. The major finding of this study is that, as in middle-aged men, fibrinogen is an independent risk factor for CHD, stroke/TIA, and mortality in elderly men. This was true even when the analyses were extensively adjusted for other CVD risk factors and the presence of subclinical cardiovascular disease. The adjusted upper quintile RR for death occurring Ͻ2.5 years after baseline was substantial, Ϸ5.8. However, this RR value must be viewed with caution, because after stratification, the number of deaths in the reference group was small (nϭ18). The other adjusted upper quintile RRs were moderate in strength, Ϸ2.1 for CHD, 1.3 for stroke/TIA, and 1.7 for deaths occurring after 2.5 years. We found little evidence to support fibrinogen as a risk factor in elderly women, after adjusting for other known risk factors and subclinical disease. This finding is in agreement with the results of the Framingham group. 24 However, we did note that the adjusted upper quintile RR of CHD in women was 1.5, with a standardized RR of 1.13 (0.99 to 1.29), a value that might achieve significance as the number of CHD events in women increases with time.
The nature of the association of fibrinogen with CVD events and death is unclear. Because fibrinogen levels are sensitive to inflammation, fibrinogen might reflect underlying Figure 1 . Unadjusted, sex-stratified mean values of fibrinogen, factor VII, and factor VIII, comparing those alive with those who died from non-cardiovascular disease (CVD)-related and CVDrelated causes. This figure includes data from all CHS deaths, after stratification into CVD and non-CVD mortality. The number of participants in each category is listed at the bottom of the figure. Probability value for "overall differences" reflect differences in mean values across the 3 groups. Probability value for trend reflect increasing mean values as one goes from "alive" to "dead from non-CVD cause" to "dead from CVD causes."
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atherosclerotic disease. In contrast, higher values may contribute to an increased risk of thrombotic events. We have speculated that both of these mechanisms may be at play. 48, 49 The findings of (1) a stronger association of fibrinogen with early death compared with later death and (2) elevated levels in non-CVD-related as well as CVD-related death are consistent with accelerating inflammation being associated with rapidly progressing illness. We have suggested this mechanism to explain the association observed between declining cholesterol values and mortality in the elderly. 50 However, our data do not rule out a possible role of higher fibrinogen contributing to a hypercoagulable state, especially because (1) those with CVD-related death had higher values than those with non-CVD-related death, (2) coagulation activity markers increase in the elderly, 51 and (3) markers of fibrin formation predict CVD events in this same cohort. 52 Genetic studies of fibrinogen might ultimately clarify this issue, because a prospective genetic study cannot be confounded by underlying subclinical disease. To date, however, the few prospective studies that have been done have not been consistent. [53] [54] [55] [56] These findings for fibrinogen are in contrast to the results from the NPHS group. In the NPHS, the association of fibrinogen with CVD risk in men diminished to insignificance by the age of 64 years at baseline. 23 Our data are more consistent with the report of the Framingham group, which indicated that the association of fibrinogen with risk included men who were 70 years old at baseline. 24 Both of these previous studies, however, had limited power to address this issue in the elderly.
Factor VII
After adjustment, the only significant associations for factor VII were with angina in men (weakly) and with stroke/TIA in women. The latter association was characterized by diminished risk in the upper 4 quintiles compared with the first. The Figure 2 . Sex-stratified relative risk (RR) values for coronary heart disease (CHD), stroke/transient ischemic attack, and death from Cox survival analyses for fibrinogen, factor VII, and factor VIII. A, B, and C describe results for fibrinogen, factor VII, and factor VIII, respectively. Quintile-based RRs are presented as bar graphs, using the first quintile as the reference quintile (RRϭ1.00) in each case. Data are presented as RRs from unadjusted models (gray columns) and fully adjusted models (black columns). The covariates present in each of the adjusted models are presented in Results. Based on models using the variables in a continuous manner, the standardized relative risk (SRE), ie, the risk associated with a 1 SD change in the variable of interest, is given below each group along with the 95% confidence interval. If a quadratic term was significant, the P value for the model (linear plus quadratic terms) is given because an SRE cannot be calculated under these conditions. As mentioned in Methods, the proportional hazards assumption was not valid for fibrinogen and death in men. Therefore, results from 2 models are shown, stratified on time to death, ie, Ͻ2.5 years (early) versus Ͼ2.5 years (late).
reason for any possible increased risk of stroke associated with low factor VIIc levels is currently unknown.
In contrast to the results from the NPHS, where factor VII was strongly, positively, and independently associated with ischemic events in middle-aged men, 4 our results do not support an important role for factor VII levels in assessing CVD risk in older men. Other recent longitudinal studies of middle-aged men have had mixed results, generally failing to find strong independent associations of factor VII with CVD. 9 -11 Factor VIIc assays are known to differ considerably from laboratory to laboratory, and the NPHS investigators have suggested that such a methodological difference might explain the differences observed in the various studies. 57 Another difference between the NPHS and other studies is that the samples in the NPHS were not collected from fasting individuals, 58 and their results may have reflected, at least in part, the postprandial activation state of factor VII. Also, factor VII may reflect more severe underlying disease. In the original NPHS report, factor VII was related to events within 5 years of blood drawing but not to later events. 4 In the PROCAM study, the relation of factor VII to CVD events was stronger in fatal events than in nonfatal events (although not independently significant in either). 9 
Factor VIII
To our knowledge, this is the first report to identify factor VIII as a significant CVD risk factor in a longitudinal study of otherwise healthy elderly individuals. Higher factor VIII concentrations were independently associated with incident stroke/TIA in elderly women and incident CHD and death in elderly men. Moderately strong associations with CHD and death in women were attenuated by adjustment for other CVD risk factors. In studies of the middle-aged, the NPHS measured factor VIII and observed a nonsignificant trend of increasing events with increasing factor VIII levels, 4,58 and a report from the Atherosclerosis Risk in Communities (ARIC) investigators indicated an independent association of factor VIII with mortality, but not CHD, in both men and women of middle age. 10 There are several reasons to believe that these associations may be at least partly causal in nature. First, factor VIII, along with factor V, is a key procoagulant cofactor and is capable of dramatically increasing the rate of the factor IXa-catalyzed activation of factor Xa in a dose-dependent manner 59 ; second, the concentration of factor VIII, Ϸ0.5 nmol/L, is much lower than factor V (Ϸ20 nmol/L), suggesting that small changes in factor VIII level may be critical; third, there is abundant evidence from studies of hemophilia A that low factor VIII levels are associated with bleeding; and fourth, several cross-sectional studies have demonstrated increased factor VIII levels in individuals considered at high risk for future events. 60 -62 However, as for fibrinogen, caution must be used in interpreting our results as evidence for causality, because factor VIII levels are increased in an inflammation-sensitive manner. 63 
Implications
Our results have several implications. First, because lipid levels have limited usefulness in estimating CVD risk in older people, 64 measurement of fibrinogen and factor VIII may help identify a high-risk group of older individuals that would benefit the most from multirisk factor counseling.
Second, recent research has suggested that interventions as simple as a small dose of aspirin may be effective in primary prevention in middle-aged men 65 and that the mechanism of action may be through an antiinflammatory effect. 66 We speculate that, if true, part of this effect may be mediated by the inflammation-sensitive thrombosis risk factors fibrinogen and factor VIII.
Third, it seems likely that plasma levels of fibrinogen and factor VIII in part reflect the degree of underlying disease and in part indicate an increased potential for thrombosis given a provocation. This suggests possible efficacy for targeted intervention of these factors in the elderly with elevated values, should specific therapeutic agents become available. Several lipid-lowering drugs are known to affect fibrinogen levels, 67 and may provide initial agents for testing this hypothesis, at least with regard to fibrinogen.
